INTRODUCTION
Investigations of volatile metabolites from Streptomyces have revealed considerable biosynthetic diversity (Gerber, 1967 (Gerber, , 1969 (Gerber, , 1971 (Gerber, , 1973 Medsker et al., 1968; Visser et al., 1969; Harris et al., 1986; Herrington et al., 1987; Gürtler et al., 1994) . There are numerous studies of specific volatile metabolites or groups of metabolites from single actinomycetes isolates, but few systematic comparative studies of several isolates (Ř ezanka et al., 1994; Wilkins, 1996; Jáchymová et al., 2002; Schöller et al., 2002; Claeson & Sunesson, 2005) .
Previously we reported that cell differentiation (appearance of aerial mycelia and spores) in 26 selected Streptomyces strains grown on Emerson's yeast starch agar was associated with excretion of specific volatile terpene derivatives, including geosmin (Schöller et al., 2002) . In that study, we listed 48 of the characterized compounds and quantitative data for 19 of them. Here we report semiquantitative data for 120 volatile compounds from 26 strains as well as mass spectral data (8 fragments) for 49 unidentified compounds.
MATERIALS AND METHODS

Culture
Pre-cultures of the isolates (Table 1) were incubated at 30 C on Emerson's yeast starch agar (DSM) [containing (per liter) 15 g starch (Merck), 4 g yeast extract (Difco 0127), 1 g K 2 PO 4 , 1 g MgSO 4 Á7H 2 O and 20 g agar (Merck 1614)]. After 6 days pre-cultures were used to prepare spore suspensions in 0.05% Tween 80 with an optical density of approximately 0.05 at 640 nm. The spore suspensions (3 ml) were used to inoculate 100 ml of the same medium and were incubated for 8 days or 12 days at 30 C in 500 ml conical flasks. The flasks were fitted with cotton plugs fitted and stainless steel thermal desorption tubes containing 200 mg Tenax TA (Perkin Elmer) for passive sampling. The samples were analyzed semi-quantitatively (GC-FID, 8 days) or by MS analysis (GC-MS analysis, 12 days). Semiquantitative data was collected from isolates and metabolites of two independent replicates. 
Analyses
Gas chromatography-flame ionization detection (GC-FID) analyses were carried out using an ATD-400 automatic thermal desorber (Perkin Elmer) coupled to an HP5890A gas chromatograph (Hewlett-Packard) with a 60 m Â 0:32 mm I.D. Â 0:25 mm df CP 19CB capillary column (Chrompack) and He as bearer gas. The samples were analyzed using the following temperature program: 30 C hold for 1 min, increasing to 220 C at 4 C/min, 220 C hold for 13 min. Quantities of volatile compounds were estimated by comparison to linear sections of standard curves, and are expressed as ng toluene equivalents.
MS spectra were recorded using a Kratos Profile double focusing, magnetic scanning MS with the same chromatographic conditions as above (Schöller et al., 2002) .
Many of the compounds were identified by both mass spectral data and retention index ( Table 2 ). Mass spectral data is provided for all substances that were not unambiguously identified. A number of compounds were identified solely by visual comparison with spectra in the NIST MS Search 2.0 database. These are designated as ''MS comparison'' in the identification column in Table 2 .
RESULTS AND DISCUSSION
The most common volatile compounds were; dimethyl di-and trisulfides, aliphatic alcohols (primarily branched), 2-phenylethanol, acetone, cyclopentanone, geosmin, 2-methylisoborneol, 3 unknown compounds of 164 daltons (Mass 164B, Mass 164C and Mass 164E) and some methyl esters of branched carboxylic acids. These have been described previously (Ř ezanka et al., 1994; Wilkins, 1996) . We also characterized 49 compounds of unknown structure, of which the majority were terpene derivatives ( Table 2) . The dominant volatile metabolite patterns observed differed markedly from those reported for most mold isolates, particularly because of the production of dimethyl di/tri sulfides, 2-phenylethanol, cyclopentanone and geosmin and the absence of C 8 alcohols or ketones. The substantial differences between our findings and those reported in the literature are the ethyl esters reported for a Streptomyces albidoflavus grown on a different medium (Claeson & Sunesson, 2005) and the -alkylbutyrolactone derivatives reported for nine Streptomyces strains. These -alkylbutyrolactone derivatives were isolated by solvent extraction (Ř ezanka et al., 1994; Jáchymová et al., 2002) . 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, -17, 18, 19, 20, 21, 22 (43) 53 (11) 67 (15) 69 (76) 79 (29) 91 (16) (67) 68 (32) 77 (27) 79 (41) 95 (100) 139 (22) It is remarkable that approximately half of all the compounds characterized here appear to be terpene derivatives. There appears to be an inverse relationship between the production of the two dominant groups of compounds; terpene derivatives and branched aliphatic alcohols. This is also apparent in our previously published variable plot from a principal component analysis (PCA) using 14 common compounds for the 26 strains (Schöller et al., 2002) . A previous PCA analysis using 17 strains and 12 dominant terpene derivatives did not clearly differentiate the strains (results not shown).
It appears that the rather unpleasant odors generated during the growth of Streptomyces are due to various organosulfur derivatives as well as oxygenated terpene derivatives; including geosmin, 2-methylisoborneol and albaflavenone.
